The Perceptual Loop Theory of speech monitoring assumes that speakers routinely inspect their inner speech. In contrast, Huettig and Hartsuiker (2010) observed that listening to one's own speech during language production drives eye-movements to phonologically related printed words with a similar time-course as listening to someone else's speech does in speech perception experiments. This suggests that speakers use their speech perception system to listen to their own overt speech, but not to their inner speech. However, a direct comparison between production and perception with the same stimuli and participants is lacking so far. The current printed word eye-tracking experiment therefore used a within-subjects design, combining production and perception. Displays showed four words, of which one, the target, either had to be named or was presented auditorily. Accompanying words were phonologically related, semantically related, or unrelated to the target. There were small increases in looks to phonological competitors with a similar time-course in both production and perception. Phonological effects in perception however lasted longer and had a much larger magnitude. We conjecture that this difference is related to a difference in predictability of one's own and someone else's speech, which in turn has consequences for lexical competition in other-perception and possibly suppression of activation in self-perception.
INTRODUCTION
It has been estimated that during speech production, in both conversation and monolog, one out of ten utterances are subject to revision (Nakatani and Hirschberg, 1994) . These revisions partly take place after articulation, but there is reason to believe that speech error monitoring also takes place before articulation. Evidence for such a pre-articulatory speech production monitor comes from our capacity to produce extremely fast corrections, even before the error is fully produced (Levelt, 1989) . Additionally, corrections are still made when auditory feedback is disrupted, for instance by masking overt speech (Postma and Noordanus, 1996) . And even when speech is only produced internally, production errors are still reported (Oppenheim and Dell, 2008) . Such pre-articulatory monitoring might affect patterns of speech errors, as shown in studies where participants produce fewer word slips when this slip would result in a taboo utterance or a nonsense word (Baars et al., 1975; Motley et al., 1982; Hartsuiker et al., 2005; Nooteboom and Quené, 2008; Dhooge and Hartsuiker, 2012) . In sum, there appears to be an external monitoring channel that monitors speech after articulation, and an internal monitoring channel that monitors speech before articulation.
There are several theories on how the internal speech monitoring mechanism works. One influential theory, the Perceptual Loop Theory (Levelt, 1989) holds that during speech production copies of the created speech plan are sent via internal loops to the speech comprehension system. This takes place at two levels of production, namely the preverbal message (conceptual loop) and the articulatory buffer (inner loop). Wheeldon and Levelt (1995) further suggested that a phonemic representation is fed back to the comprehension system. In essence, the perceptual loop theory assumes one speech monitoring mechanism for both internally and externally produced speech that is based on speech perception. On the other hand, production-based approaches assume monitoring systems that are extrinsic to the perception system (see Postma, 2000 , for a review). For instance, several authors have recently suggested monitoring systems based on forward models (e.g., Hickok, 2012; Pickering and Garrod, 2013) ; the speaker creates a prediction (or forward model) of the expected utterance and compares it to the actual produced speech. Additionally, Nozari et al. (2011) argue that a monitor that assesses the amount of conflict within representational layers (i.e., whether only a single representational unit is highly active or whether several units are highly active) would be diagnostic of error trials. All such production monitoring accounts have in common that internal monitoring would be based on mechanisms that are internal to the production system, rather than on the perception of inner speech.
Empirical evidence on the systems responsible for inner monitoring is scarce and inconsistent. Studies with brain-damaged patients have shown dissociations between comprehension abilities and self-monitoring abilities, a finding that appears inconsistent with the perceptual loop theory. A particular striking study (Marshall et al., 1985) reports the case of a patient with the inability to ascribe meaning to spoken words (and even everyday sounds) indicating a profound disorder of comprehension, who nevertheless initiated self-corrections in her speech. On the other hand, a reaction time study with healthy young adults (Özdemir et al., 2007) reported that response times to phoneme monitoring (e.g., push the button if the name of a target picture contains a particular phoneme) depended on the so-called perceptual uniqueness point, a variable that affects speech perception but not production. However, neither type of evidence is fully convincing: it is possible that patients with good monitoring despite poor comprehension have a comprehension deficit at a relatively early perceptual stage and so accurately perceive inner speech (Hartsuiker and Kolk, 2001 ). Moreover, it is possible that the phoneme-monitoring task is a very poor model of monitoring in overt production where perception of inner speech might interact with the perception of overt speech (Vigliocco and Hartsuiker, 2002) .
In a more recent test of the role of the speech perception system in the internal channel of speech monitoring, Huettig and Hartsuiker (2010) conducted an object naming study using a printed word version of the visual world paradigm. In this version of the visual world paradigm, participants view a display of printed words (typically four words, one in each corner) and listen to spoken language. Looks to each of the words are recorded as a function of the spoken stimuli. For instance, McQueen and Viebahn (2007) showed that participants are more likely to look at printed words with names matching the onset of the concurrent spoken word (e.g., the Dutch word buffer when hearing buffel "buffalo") than to printed words that are phonologically different or which match at word offset (e.g., motje "moth" for rotje "firecracker"). These results are consistent with experiments using the picture version of the visual world paradigm (e.g., Allopenna et al., 1998) and several other methods (phoneme monitoring, Connine et al., 1997; cross-modal priming, Marslen-Wilson and Zwitserlood, 1989) . In Huettig and Hartsuiker's production study, participants named visual objects that were presented together with three printed words. These printed words were phonologically related, semantically related, or unrelated to the target. Consistent with earlier perception studies using printed words, there were no increased looks to semantic competitors when phonological competitors were co-present in the display (cf. McQueen, 2007, 2011) . However, similar to perception studies, phonological competitors received significantly more looks than phonologically unrelated distractors.
Importantly, the perceptual loop theory hypothesizes that the internal channel bypasses articulation and low-level auditory analysis. This allows for speech monitoring even before external speech. By skipping articulation, the target reaches the perceptual system between 250 ms before speech onset (Levelt, 1989; Hartsuiker and Kolk, 2001 ) and 145 ms before speech onset (Indefrey and Levelt, 2004) . In other words, the perceptual loop theory predicts eye-fixations on printed phonological competitor words before participants produce their own speech. If we assume programming and eye-movements to take about 200 ms (Saslow, 1967) , one expects the following results: eye-movements to the phonological competitor driven by internal speech should start between 50 ms before speech onset and 55 ms after; looks to the phonological competitor driven by external speech should start from 200 ms after speech onset. Huettig and Hartsuiker's (2010) results showed a phonological competitor effect in the same time range (300 ms post-articulation) as had been found in earlier perception studies (Huettig and McQueen, 2007) , leading to the conclusion that listening to your own overt speech is the same as listening to someone else's speech. Because there was no indication that participants listen to their internal speech in overt speech production, their results argue against the perceptual loop theory for speech monitoring.
CURRENT STUDY
There are both theoretical and practical reasons to revisit the claim that listening to self-produced speech is similar to listening to someone else's speech. First, while the similarity of the findings in Huettig and Hartsuiker (2010) and Huettig and McQueen (2007) is striking, they do not constitute a direct comparison between the modalities. Huettig and Hartsuiker only had a production condition, which was compared to results from a perception condition of an experiment with a different setup (Huettig and McQueen, 2007) . For example, the former had a display with one target picture and three written competitors and the latter had a visual display with four printed words. Also target words were embedded in a sentence context in the perception condition, while the production experiment required only production of the target word. Thus, we believe a more direct comparison between production and comprehension is needed to establish whether listening to one's own production is really based on one's overt speech only 1 . Second, and perhaps more interestingly, even if we take for granted that listening to one's own speech production is based on overt speech, there might still be differences between listening to one's own overt speech and to the overt speech of somebody else. This is because of an important difference between speech production and speech perception, namely that in speech production one can make much more accurate predictions of what speech will be produced than in perception. Pickering and Garrod (2013) , for instance, hypothesized a role for prediction in both comprehension and production. By predicting upcoming words in speech perception, perception processes can take place much faster than if it were dependent on bottom-up processes only. However, predicting someone else's speech is of course associated with more uncertainty about upcoming speech than predicting one's own utterance, which is likely to affect patterns of overt visual attention in a visual world paradigm. In sum, given the sensitivity of eye-movements to linguistic predictions in visual world studies (e.g., Altmann and Kamide, 1999; Weber et al., 2006; Kamide, 2008; Kukona et al., 2011; Mani and Huettig, 2012) , one might expect differences between eye-movements driven by hearing one's own voice vs. someone else's voice.
Thus, the current experiment investigated whether there is a role for the internal monitoring channel in speech production. By directly comparing phonologically-driven eye-movements in a visual world paradigm using matched speech perception and production conditions, we tested whether listening to one's own overt speech has similar perceptual effects to listening to someone else's overt speech. In both conditions participants were presented with a display with four written words and auditory stimuli consisting of only a noun in both the perception and production conditions.
MATERIALS AND METHODS

PARTICIPANTS
Forty participants (8 males, 32 females, aged 17-35) took part in exchange for course credits. Participants were recruited at the psychology department of Ghent University and were all native speakers of Dutch. All reported to have no dyslexia, no hearing problems, and correct or corrected to normal vision.
MATERIALS
We created 72 sets of visual displays. Each display showed four printed words (Font MS Trebuchet, size 20), each in a different quadrant of the screen (Figure 1) . Each display consisted of one target word, one competitor word and two unrelated filler words. The words were randomly assigned to a quadrant per trial.
There were three conditions: in the semantic condition, the competitor was semantically related to the target; in particular, it came from the same category. In the phonological condition, the competitor shared the onset (from 1 up to 3 phonemes) with the target. In the neutral condition, the competitor was unrelated to the target. Each item was presented as target or competitor in one display, and presented as unrelated filler in another display; for example, targets and competitors in the phonological condition occurred as unrelated items in the neutral condition. Differences in looks to targets and competitors compared to unrelated items can therefore not be the result of intrinsic properties of the items. There were 24 trials in each condition (semantic, phonological, and neutral). The order of the trials was determined randomly. All stimuli were presented once in the production condition and once in the perception condition.
Most words in the phonological and semantic conditions were taken from Huettig and Hartsuiker (2010) . For the phonological condition eight word pairs were created that shared a higher CV overlap between target and competitor compared to the original word pairs. In the semantic condition 11 new word pairs were created that (subjectively) had a stronger semantic relatedness. An overview of the stimuli can be found in Appendix A.
Participants filled out a questionnaire on their reading and auditory skills and signed a written consent form. The participants received written task instructions. Next the eye-tracking device was adjusted for each participant and calibrated. The experiment consisted of 12 blocks. At the beginning of each block a calibration of the eye-tracker was performed. During each block six trials of the production condition and six trials of the perception condition were presented consecutively. A picture of an ear (perception) or a mouth (production), displayed for 2000 ms, signaled the task. Each trial started with a fixation cross, followed by a 3000 ms display of the four written words. Displays were randomly assigned to each trial.
In the production trials the target word was underlined and was read out loud by the participant. In the perception condition participants heard the target word after a 200 ms preview of the display. After the experiment participants filled out similarity ratings for the semantic (how well do the words match?) and phonological word pairs (how similar are the word onsets?) on a 5-point scale, with 1 being "not at all" and 5 being "very much." On average both semantic and phonological word pairs were rated as being between neutral and fairly similar. Semantic word pairs were rated as more similar (M = 3.52, SE = 0.077) than phonological word pairs (M = 2.96, SE = 0.083).
APPARATUS
Experiments were created in Experiment Builder 1.10.1 (SR Research Ltd. 2004 -2010 . Eye movements were recorded using an EyeLink 1000 eye-tracker. Speech in the production trials was recorded and speech onsets were measured manually in Praat (Boersma and Weenink, 2012) .
RESULTS
Responses in which there was a hesitation (e.g., 'eh') or in which the response was produced after the display had disappeared (i.e., after 3000 ms) were excluded from analysis. No other outliers were excluded. This led to a total loss of 1.4% of all the production trials. Errors were fairly equally distributed among the three conditions. Naming latencies were around 1100 ms for all three conditions ( Table 1) .
ANALYSIS OF FIXATION DATA
Fixation proportions to targets and related competitors were compared to an average of unrelated neutral competitor words in the respective conditions. The fixation proportions were calculated for 200 ms timeframes, until 1000 ms after speech onset for both production and perception conditions. To test whether visual attention in the production condition indeed precedes production analysis starts 200 ms before speech onset. Fixation proportions were normalized before averaging per condition using a log 10 transformation, and (as hypotheses were directional) compared in one-tailed paired t-tests, with alpha set at 0.05. Effect sizes reported are Cohen's d. For ease of interpretation, reported means, and standard deviations in text, figures, and appendix, are the untransformed values.
PERCEPTION
Fixations on target items
In the perception trials, eye-movements started to diverge toward thetargetwordsfromaround200 msafterspeechonset. 
Fixations on competitor items
Analysis of fixations to the neutral competitors revealed no significant differences at any time interval. For the semantic condition there was also no significant difference between looks toward the competitor and unrelated items in any of the timeframes.
In the phonological condition there was a similar proportion of looks toward the phonological competitor and the unrelated items −200 ms until speech onset and in the timeframe from speech onset until 200 ms after this onset. Between 200 and 400 ms after speech onset we observed a 2.3% difference between looks toward the phonological competitor and the unrelated items. This difference did not reach statistical significance; the following timeframes however showed a more robust increase of this difference. This suggests that the phonological competitor effect started to arise in the 200-400 ms timeframe. Looks toward the phonological competitor (M = 0.270, SE = 0.385) diverged significantly from looks toward the unrelated items (M = 0.182, SD = 0.333) between 400 and 600 ms after speech onset t 1(39) = 5.743, p < 0.001; t 2(23) = 4.591, p < 0.001; d = 0.244. This effect increased and remained significant throughout the 1000 ms after speech onset. Figure 2 shows the time course probability plots for the phonological condition in the perception trials.
PRODUCTION
Fixations toward target items
At the start of the analysis, 200 ms before speech onset, fixations in the production condition were directed significantly more toward the target than to unrelated items in all three conditions. The difference between looks to the target items and unrelated items remained significant (p < 0.001) throughout the later timeframes.
Fixations on competitor items
In both the neutral and semantic condition there was never a significant difference of fixations between the competitors and unrelated items in all time bins.
Of main interest are the fixations on the phonological competitor. Importantly, between 200 ms before and 200 ms after speech onset, looks toward the phonological competitor did not differ significantly from looks to the unrelated items. Between 200 and 400 ms after speech onset looks to the phonological competitor (M = 0.076, SD = 0.247) diverged from the unrelated items (M = 0.054, SD = 0.214), t 1(39) = 1.717, p = 0.047; t 2(23) = 2.445, p = 0.012; d = 0.095. This timeframe is comparable to the 350-500 ms after speech onset in which eye-movements to phonological competitors were observed in Huettig and Hartsuiker (2010) . In the 400-600 ms after speech onset there were more looks to the competitor in the phonological condition (M = 0.096, SD = 0.277) than to the unrelated items (M = 0.080, SD = 0.254) significant in the byparticipant analysis t 1(39) = 2.110, p = 0.021; t 2(23) = 1.300, p = 0.104; d = 0.060. In the timeframes after 600 ms the phonological competitor did not attract more fixations than the unrelated items. Figure 3 shows the time course of fixation proportions for the phonological condition in the production trials.
In sum, in both production and perception trials eyemovements were directed more to phonological competitors than to unrelated printed words shortly after the critical onset of word perception or word production. The magnitude of the phonological competition effect however differed considerably between production and perception trials. An overview of the fixation proportions in the phonological condition can be found in Appendix B.
DISCUSSION
In the present experiment using the printed word version of the visual world paradigm, we observed more looks toward a phonological competitor in both speech perception and speech production. In line with previous studies (Huettig and McQueen, 2007; Huettig and Hartsuiker, 2010) , there were no semantic effects using this version of the paradigm. The experiment allows for two main conclusions. First, phonological competition effects in production did not occur in the timeframe predicted by perceptual loop theory. Second, the magnitude and longevity of the effect was considerably larger in perception than in production. This suggests that overt speech is processed differently if it is produced by someone else rather than by oneself. The speech production condition did not show a robust increase of eye-movements toward the phonological competitor shortly before or around speech onset. Thus, consistent with the results of Huettig and Hartsuiker's (2010) , these findings do not support a role of speech perception for the monitoring of inner speech. Given the small effects in this study, however, we must acknowledge the possibility that the absence of early phonological competition effects reflects a lack of sensitivity to internal monitoring processes of our method. Future work should ideally use additional methods to provide converging evidence.
The difference in magnitude of looks toward the phonological competitor between speech production and speech comprehension is, in our view, the result of at least two processes that are both related to a key difference between the processing of speech produced by oneself and by somebody else, namely predictability. The speaker knows what word she is about to say and can thus anticipate hearing a particular word (arguably, one could consider this prediction a forward model). The listener, in contrast, cannot make such reliable predictions. In the specific context of our task, each word on the screen has a 0.25 probability of being spoken, which means that any prediction in perception is likely to be correct on only a minority of trials. In realistic situations, depending on context, the listener may sometimes have much better odds of predicting somebody's speech, but many other times the odds will be much worse. This difference between comprehension and production may have played out in our experiments in two ways.
We conjecture that one factor that contributes to a difference in visual attention in speech production and perception is a suppression of activation of the target in speech production.
Evidence for such a suppression of activation comes for instance from MEG studies of word production (Heinks-Maldonado et al., 2006; Tian and Poeppel, 2011) . During production upcoming words are predicted, followed by a suppression of activation of the predicted word. An interesting possibility is that such predictions result in early eye-movements to the phonological competitors (prediction) followed by a lack of activation-related effects (suppression). However, as noted above, there was no evidence for such early competition effects. But we do find a difference in magnitude of effects in production and perception. The suppression of activation of the target word could lead to decreased priming in production compared to perception, reflected by the decreased fixation proportions to the phonological competitor in production compared to perception.
In addition, lack of predictability in perception as compared to production may also affect phonological competition between cohort members. As in previous studies, results in the current experiment show that in perception trials the listener looks at the word with the closest correspondence to the word they hear. In the trial in which there is a phonological competitor word, which shares the onset, participants cannot be sure about which word will be the target until the uniqueness point has passed. The phonological competition is thus at least partly driven by uncertainty about the target word. In contrast, in the production trials the participant can predict which words she will hear herself say with almost complete certainty. Therefore any evidence for phonological competition in the eye gaze pattern is unlikely to reflect uncertainty about the target. Instead, we suggest that phonological competitor effects in production are due to activation spreading in the representational conglomerate that binds together the visuospatial and linguistic elements : producing the phonology of one object's name at a particular spatial location primes the phonological representation of a related object as well as a pointer to its spatial location.
To conclude, the present results are most compatible with the view that eye-movements are driven similarly by the perception of one's own speech production and by the perception of someone else's speech. In both cases, overt, and not inner speech, drives the observed eye-movements. However, phonological competition effects in speech production and speech perception are also influenced by distinct processes as evidenced by much larger and much more long-lived phonological competitor effect in perception. In production trials, the target is strongly predicted and target activation is suppressed, whereas in perception, decreased target predictability results in phonological cohort competition. Thus, while it is correct that the channel we use to listen to ourselves and to someone else is the same (i.e., overt speech), because of a profound difference in predictability, the way we listen is different. 
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